Many reports concerning nuclear inclusions of either normal or pathological, especially neoplastic cells have been published as the results of electron microscopy of various animal cells. A few of them are unique bodies situated only in the nucleus and are not found in the cytoplasm at all (KUROSUMI, 1961) , but many structures occuring in the nucleus as inclusions can also be found in the cytoplasm. Therefore, such inclusions are thought to be derived from the structures primarily belonging to the cytoplasmic organelles.
Glycogen particles (HIMES and POLLISTER, 1958; BINGELLI, 1959; CARAMIA et al., 1967) , mitochondria (BRANDES et al., 1965; KLUG, 1966; AWAYA et al., 1967; OLIVA et al., 1973) , secretory granules (FOSTER et al., 1965) , Golgi apparatus (BUCCIARELLI, 1966; BLOOM, 1967) , rough endoplasmic reticulum (BLOOM, 1967; LEDUC and WILSON, 1959) , centrioles (BLOOM, 1967) , annulate lamellae (OLLERICH and CARLSON, 1970; MAUL, 1970) , free ribosomes (BLOOM, 1967) , lipid droplets (LEDUC and WILSON, 1959) , Langerhans cell granules (WOLFF and SOLLEREDER, 1969) and dense bodies (NAKAYAMA and NICKERSON, 1972) , all of which are originally cytoplasmic structures, may be enclosed in the nucleus by one or more of several possibilities.
If such nuclear inclusions of cytoplasmic origin are surrounded by double membranes, they are called pseudoinclusions and are probably formed by a deep invagination of the cytoplasm into the nucleus (KLEINFELD et al., 1956; WESSEL, 1958; ROBERTSON, 1964; FOSTER et al., 1965, GRAY and DONIACH, 1969; HIGASHI, 1969) . On the other hand, some nuclear inclusions are naked in the karyoplasm and are called true nuclear inclusions.
The break down and disappearance of the surrounding double membranes of pseudoinclusions may produce true nuclear inclusions.
Furthermore, encasement of some cytoplasmic structures within the nucleus at the late stage of mitosis was thought to be one of the probable mechanisms of the formation of such nuclear inclusions (MAUL, 1970; BLOOM, 1967; OLIVA et al., 1973; BRANDES et al., 1965) .
In the course of studies of the fine structure of lutein cells of pregnant rats, complexes consisting of several cytoplasmic structures such as the smooth endoplasmic 109 reticulum, lipid droplets and lysosomes were found in the nucleus. Fine structures of these complicated nuclear inclusions were observed in detail, and their formative origin as well as their pathological supposition are discussed in this paper.
Materials and Methods
Pregnant rats of Wistar strain at various stages of gestation were sacrificed by decapitation, and the ovaries were excised. The ovarian tissue containing the corpus luteum was cut into pieces smaller than 1mm3. They were immersed in the fixative containing 2.5% glutaraldehyde and cacodylate buffer adjusted at pH 7.4 for about 2hrs, and then postfixed with 1% osmium tetroxide adjusted at pH 7.4 with acetate veronal buffer for 1hr.
After fixation the specimens were dehydrated with a series of ascending concentrations of ethanol and embedded in Epon 812. Thin sections were made on a Porter-Blum MT-2B ultramicrotome and stained with uranyl acetate and lead hydroxide.
They were observed in an electron microscope, Hitachi HU-11D under 75kV of accelerating potential at the magnification about 2,000-15,000 times. Electron micrographs were enlarged photographically as desired. Observations 1. General structure of the rat lutein cells
In the rat, distinction between the so-called granulosa lutein cell and theca lutein cell is impossible.
Most lutein cells of the rat corpus luteum of pregnancy are probably derived from the granulosa cells, because some of the morphological characteristics of the granulosa cells, such as a tight junction between two adjacent cells, are retained in the lutein cells.
The lutein cells of the rat corpus luteum are polygonal in outline and usually contain regularly spherical nuclei (Fig. 1) . The karyoplasm is rather clear, though it contains several patches of moderate density which are thought to be heterochromatin. The nucleoli are large in size, and often two nucleoli are observed within a single nucleus. These facts indicate that the nuclear function in metabolism may be accelerated and consequently the synthetic activity of the lutein cell may be high in such an early stage of the developing corpus luteum.
The cytoplasm contains many lipid droplets, lysosomes and mitochondria.
In the early stage of pregnancy, most ribosomes are free in the cytoplasm, and most of them are gathered into small clusters forming the so-called polysomes.
At the middle or later stages, most ribosomes are attached to the outer surface of endoplasmic reticulum. Cisternae of the endoplasmic reticulum are mostly vacuoles at the early stage, and vacuoles are partly studded with ribosomes but other parts are smooth. At 5 days or later, the smooth endoplasmic reticulum is well developed and occupies almost all the space of the cytoplasm. The constituents of the smooth endoplasmic reticulum are either vesicular or tubular.
In the more advanced stage of pregnancy, most cisternae of the smooth endoplasmic reticulum are tubular and form a complicated network, as they branch and anastomose to one another.
The rough endoplasmic reticulum are weakly developed as compared with the smooth endoplasmic reticulum.
The constituent cisternae of rough endoplasmic Some authors argued that these dense granules might contain a hormone, relaxin (CRISP et al., 1970; BELT et al., 1971) . Much larger than these probable secretory granules are the lysosomes, sometimes containing clear vesicles and dense particles (Fig. 1) . The electron density of lipid droplets is quite variable: some are dense and star-like in outline, but some others are less opaque and regularly round. Lipid droplets of intermediate density are also observed.
Nuclear inclusions in the rat lutein cells
In some lutein cells of late pregnancy, peculiar inclusions were observed in the nucleus (Fig. 2, 3) . They are complexes of many different bodies, such as vacuoles, small vesicles, lipid droplets and dense bodies. They are situated at about the center of the nucleus, and no limiting membrane is observed between the normal karyoplasm and the inclusions.
In this observation it was found that the nuclei having inclusions contain two nucleoli: one is attached to the inner surface of the nuclear envelope, but the other is situated freely in the karyoplasm midway between the nuclear envelope and the nuclear inclusions.
Vacuoles in these nuclear inclusion complexes have a clear empty interior surSmaller than these vacuoles are observed lipid droplets about 500nm in diameter.
The content of lipid droplets is moderately dense (Fig. 4, 5) . The transition in size between the lipid droplets and clear vacuoles is recognized. The internal substance of the vacuole is unknown, but its empty appearance suggests that the substance has Two nucleoli (NO) are prominent. No membrane can be observed around the inclusions. Mitochondria (M) are slender, and the Golgi apparatus (G) is relatively well been extracted during the process of specimen preparation.
The vacuole content is probably lipid in nature, as similar lipid droplets whose interior has been extracted are observed in the cytoplasm. It is likely that the smaller the vacuole content the more easily it is preserved.
Small vesicles about 100nm in diameter are tightly packed filling the interstices among larger inclusion bodies. Some vesicles are more or less elongated and look like short tubules (Fig. 4, 5) . The size and shape of these vesicles in the nucleus are very similar to those of the tubular smooth endoplasmic reticulum found in the cytoplasm (Fig. 2, 3) . It is suggested that these two organelles found in different parts of the cell may be intimately related.
Round or oval bodies of various sizes containing a complicated interior are also seen in the complexes of inclusions. They are covered with a rather thick capsule and contain filamentous structures and small grains of various densities. These grains are about 100-150nm in diameter.
Some are very dense (Fig. 4) , while others are less dense and surrounded by a thin membrane leaving a clear halo between the core and the membrane.
The latter grains resemble viruses but the true nature is unknown. These bodies containing filaments, dense particles and virus-like grains look like lysosomes or phagosomes in the cytoplasm. As neither membranes nor barriers exist around the inclusions, they are completely surrounded by the karyoplasm without any gaps in structure.
Besides the presence of inclusions, the fine structure of such inclusion-containing nuclei is quite normal and not different from the nuclei without inclusions.
Discussion
Nuclear inclusions of relatively large size can be observed with the light microscope, when the tissue has been stained by an appropriate technique. However, the light microscopy cannot distinguish two types of nuclear inclusions, the true inclusion and the pseudoinclusion, which can be discerned only by electron microscopy. Many early studies with the electron microscope on the nuclear inclusions dealt with the pseudoinclusions (KLEINFELD et al., 1956; WESSEL, 1958; LEDUC and WILSON, 1959; ROBERTSON, 1964; FOSTER et al., 1965; GRAY and DONIACH, 1969; HIGASHI, 1969 The true nuclear inclusion is embedded within the karyoplasm without any membranes or fibrous barriers around it. There are two kinds of true nuclear inclusions, one is intrinsic and the other is extrinsic.
The intrinsic inclusion is produced within the nucleus. Protein globular inclusions occur in hepatic cell nuclei of a species of the snake (Natrix tigrina tigrina), and are never seen in the cytoplasm (KUROSUMI, 1961) . Glycogen particles or lipid droplets are sometimes found in nuclei of some cells (HIMES and POLLISTER, 1958; BINGGELI, 1959; CARAMIA et al., 1967) . They may be synthesized within the nucleus. The extrinsic inclusions are derived from the cytoplasm, though they are not covered by an extension of the nuclear envelope.
Many kinds of cytoplasmic organelles and products were found in the nucleus, such as the mitochondria (BRANDES et al., 1965; KLUG, 1966; AWAYA et al., 1967; OLIVA et al., 1973) , Golgi apparatus (BUCCIARELLI, 1966; BLOOM, 1967) , rough endoplasmic reticulum (BLOOM, 1967; LEDUC and WILSON, 1959) , centrioles (BLOOM, 1967) , free ribosomes (BLOOM, 1967) secretory granules (FOSTER et al., 1965) , lipid droplets (LEDUC and WILSON, 1959) , Langerhans cell granules (WOLFF and SOLLEREDER, 1969) and dense bodies (NAKAYAMA and NICKERSON, 1972) . The mechanism of engulfing such cell organelles into the nucleus was repeatedly discussed by many authors. For example, concerning the intranuclear mitochondria, BRANDES and his cow-orkers (1965) suggested three possible mechanisms whereby these mitochondria might have been trapped within the nucleus. The first possibility is the passage through enlarged pores, the second is incorporation within a pinched off invagination and the third is inclusion within the nuclear envelope at the telophase of mitosis.
The authors neglected possibilities of the first and second, but suggested that the third is most possible. KLUG (1966) and AWAYA et al., (1967) All of them may be found also in the cytoplasm, so that the inclusions may be called extrinsic.
As the nuclei of rat lutein cells are regularly spherical, and no invagination of the nuclear envelope could be observed, a possibility that the nuclear inclusions here observed are formed by invagination of the nuclear envelope is not tenable. On the other hand, as the origin of membranous nuclear inclusions, the nuclear formed Golgi apparatus consisting of lamellae and vesicles in a chicken sarcoma cell, and noted the possibility of formation of such an intranuclear Golgi apparatus by invagination of the inner nuclear membrane. The annulate lamellae are often observed within the nucleus (HSU, 1967; OLLERICH and CARLSON, 1970; MAUL 1970) . From the morphological similarity between the annulate lamellae and the nuclear envelope, the origin of the annulate lamellae both in the cytoplasm and in the nucleus may be ascribed to the nuclear envelope. HSU (1967) as well as OLLERICH and CARLSON (1970) demonstrated the continuity of the intranuclear annulate lamellae to the internal nuclear membrane, and suggested the origin of the former from invagination of the latter. However, MAUL (1970) found intranuclear annulate lamellae in human melanoma cells in vitro shortly after mitosis and concluded as to their origin that the membrane might be trapped in the nucleus during the nuclear envelope formation at the end of mitosis, because no intranuclear annulate lamellae were observed during the interphase in this case.
The vesicular or short tubular inclusions of the lutein cells here observed are very similar in structure to the smooth endoplasmic reticulum which is enormously developed in this cell type, and no direct continuity of such membranous inclusions to the nuclear envelope could be found in this case. The inclusions are situated at about the center of the nucleus and there are no inclusions at the peripheral zone of the nucleus near the envelope. Therefore the origin of any of the nuclear inclusions of the rat lutein cell cannot be related to the nuclear envelope.
About half of the reports concerning nuclear inclusions hitherto published (11 in 23 papers) dealt with neoplastic cells. Three of the remainder were observations on the cells treated with either hormone or alkaloid.
As observed in the papillary carcinoma of the thyroid (GRAY and DONIACH, 1969; HIGASHI, 1969) , malignant tumor cells often contain highly lobulated irregular nuclei. Such nuclei frequently show invaginations of the nuclear envelope, and easily form the nuclear pseudoinclusions. The reason for the frequent occurrence of such irregular nuclei in neoplastic cells is not yet clarified, but it is one of the quite unique and remarkable characteristics of malignant tumor cells. The high frequency of the occurrence of mitosis in the tumor cells may produce high opportunity of engulfing cytoplasmic materials during the course of mitosis. Besides the human spontaneous tumors, experimental induction was performed by the infection of viruses or administration of chemicals (including hormones). These so-called carcinogenic agents as well as viruses may alter the DNA pattern of the cell nucleus and may cause abnormalities in the structure of the nucleus and in the mitotic mechanism.
Therefore, the true-and pseudoinclusions of nuclei may be one of the pathological signs in the tumors and some other degenerative diseases.
In the present study, dense bodies containing filamantous material and grains are demonstrated in the nucleus. The grains are variable in electron density, but are often encapsulated by a thin membrane leaving a clear space between the membrane and the core. This structure of the grains resembles viruses.
Though the true nature of the grains and grain-containing bodies cannot be clarified only by such a simple morphological observation, it may be conjectured that the dense bodies are nothing but phagolysosomes which engulfed certain viruses along with some extracellular filamentous material, but the pathogenity of these viruses is unknown.
Nuclear inclusions consisting mainly of filamentous material have been observed in many types of cells and named "nuclear body" by WEBER and FROMMES (1963) .
circle and the central core consists of particulate material in many cases (WEBER and FROMMES, 1963) . In a few cases, however, the central core is lacking (KRISHAN et al., 1967; DAHL, 1970) . Intranuclear glycogen particles are also encircled by a filamentous halo in some cases (CARAMIA et al., 1967) . In rare cases the nuclear bodies may contain vesicles, droplets and membranes, though they are encircled by a filamentous capsule (HENRY and PETTS, 1969 
